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Abstract 

Androgen deprivation therapy (ADT) for prostate cancer (PCa) treatment causes sexual dysfunction. We review here the effects of estrogen 
on the sexual performance of androgen-deprived males. The major findings are: 
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1. Estrogen receptors are present in brain centers that are important for sexual behavior; as well as in male reproductive organs, in a pattern 
suggesting that estrogen may have some role in orgasmic function and genital skin sensitivity. 

2. Estrogen restores sexual interest above castrate levels in many vertebrates including reptiles, birds and mammals; but multiple factors 
contribute to the magnitude of this effect. 

3. Data from castrated men, aromatase-deficient men. male-to-female transsexuals, and men on antiandrogens all suggest that estrogen can 
maintain some libido in androgen-deprived men. 

We discuss the general benefits of estrogen therapy to quality of life of men on ADT, the potential risks of this treatment, and possible 
treatment regimes for estrogen therapy in males. Unless contraindicated, we propose that PCa patients on ADT would benefit from supplemental 
parenteral estrogen. 

©2013 Elsevier Ireland Ltd. All rights reserved. 

Keywords: Androgen deprivation therapy; Prostate cancer; Libido; Estrogen; Male sexual function; Castrated animals; Orgasm; Skin sensitivity 


1. Introduction 

There are various situations where genetic males are 
therapeutically androgen-deprived. The most common rea¬ 
son for androgen deprivation therapy (ADT) is to slow 
down prostate cancer (PCa)’s growth. In addition, as part 
of sex reassignment surgery, male-to-female transsexuals 
(MtFs) are also androgen-deprived. ADT can be achieved 
by either surgical or chemical castration. Currently, luteiniz¬ 
ing hormone-releasing hormone (LHRH) agonists are the 
most frequently used agents for ADT in the PCa patient 
population. However, other agents including high-dose estro¬ 
gen (E), high-dose ketoconazole, abiraterone, and LHRH 
antagonists can also be used to achieve a castrate level of 
testosterone. Single-agent antiandrogen therapy is also used 
as a form of ADT, but does not lower serum testosterone 
levels. 

In most cases, ADT impedes sexual function; reducing 
libido and causing erectile dysfunction [1], These effects 
distress patients and psychologically impact their intimate 
partners, reducing the quality of life for both [2], While treat¬ 
ments for erectile dysfunction are available, currently there 
is no treatment for loss of libido subsequent to ADT. Yet, loss 
of erections due to ADT does not mean a cessation in sex¬ 
ual activity [3]. For example, men can still achieve orgasm 
without an erect penis. 

ADT not only depletes androgens in men, but also estro¬ 
gens. This is because estrogen in males is derived from 
testosterone. Some males on ADT receive E therapy. For 
MtFs, E therapy can aid in body feminization (breast devel¬ 
opment) and, for PCa patients, supplemental E can alleviate 
some of the more intense adverse events, such as hot flashes 
[4], Additional benefits of E treatment for androgen-deprived 
men include improving bone mineral density [5] and lipid 
profiles [6]. In one study, treatment with E also improved 
some aspects of cognitive function [7], 

Previously we reviewed papers suggesting that E can, 
to some extent, elevate sexual interest in castrated males 

[8] , We have since confirmed this with a study of cas¬ 
trated male rats with and without estradiol (E2) treatment 

[9] . Here, we provide a more extensive literature review on 
how E influences sexual interest in androgen-deprived males 


for a wealth of species, ranging from amphibians to mam¬ 
mals including humans. In addition, we discuss the potential 
effect of E on peripheral tissues that are related to sex¬ 
ual function, such as genital skin and pelvic floor muscles 
that are important in achieving an orgasm. We then discuss 
the pros and cons of E therapy as well as various dosing 
regimes—factors that need to be considered in clinical set¬ 
tings. 

2. Estrogen receptors 

E induces its effects by acting on estrogen receptors (ERs) 
that are widely distributed throughout the body. In the tetra- 
pod brain, ERs are present in areas that control male sexual 
behavior, most notably the medial preoptic area, medial 
amygdala and the bed nucleus of stria terminalis [10,11]. 
Intracranial E implants in those specific areas of the brain 
have been shown implicitly to increase sexual behavior in 
castrated males of many vertebrate species (see Suppl. Tables 
1 and 2). The equivalent brain areas in humans also express 
ERs. Replicating the results observed in animals by implant¬ 
ing E into human brains would be excessively invasive; 
however, there is evidence that castrated men on E therapy 
maintain better libido than those not receiving supplemental 
E [8], 

The mechanism for how E elevates sexual interest in cas¬ 
trated men has not been extensively investigated. In imaging 
studies, the preoptic area and medial amygdala are activated 
during sexual arousal by both visual [ 12] and olfactory stimu¬ 
lation [13,14] although not necessarily by tactile stimulation 
[15]. However, no study has explored if these activation pat¬ 
terns in response to sexual stimuli change after E treatment 
in androgen-deprived men. 

E may also influence sexual behavior by acting on periph¬ 
eral tissues. Indeed, ERs are present in male reproductive 
organs although their function remains enigmatic [16]. They 
may not be related to erectile function per se because in both 
castrated men and other male mammals, E treatment does not 
restore erectile function. We discuss in later sections how E 
may potentially modulate pelvic floor muscle function and 
genital skin physiology. 
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3. Estrogen and male sexual behavior 

3.1. Animal studies 

Dating back to the early 1900s, there were studies showing 
that ovarian grafts in capons [17] or injecting placental extract 
into castrated male rats [18] increased sexual activity. These 
were the first observations to suggest that female reproduc¬ 
tive organs contained some substances that could positively 
influence sexual behavior in castrated males. The first natu¬ 
ral estrogen, estrone, was identified in 1929-1930 and within 
a decade, Ball [19] provided the first direct evidence that 
E elevates male sexual interest by injecting estradiol ben¬ 
zoate (EB) into castrated male rats. Since then, studies on 
other species ranging from amphibians to mammals, have 
explored the effect of E on sexual behavior in castrated males 
(see Suppl. Tables 1 and 2), but rats remain by far the most 
studied species. 

Administering E to castrated male rats increases mount¬ 
ing behavior, however, the extent to which E changes libido 
varied among studies (Suppl. Table 1). One factor likely to 
contribute to the varying results is the age at which castra¬ 
tion is performed. Rats castrated at birth [20] or prepubertally 
[21] have less restoration in their sexual behavior than those 
castrated in adulthood [20,22], This is likely because sex¬ 
ual differentiation of the brain, which first occurs during the 
perinatal period 1 23 ] then again during puberty 1 24], requires 
aromatizable androgen. Males castrated at birth or before 
puberty are not fully masculinized, resulting in less developed 
sexual behavior. 

Other factors which may influence the effects of E on sex¬ 
ual behavior include the dose (e.g., [25]; [26] vs. [27]) and 
type of estrogen [28,29]. A dose too low (e.g., injection of 
<5 (jig EB/day in rats) is not optimal in reinstating copu- 
latory behavior. Interestingly, daily injection of high dose E 
restores all copulatory behaviors in castrated adult rats includ¬ 
ing ejaculation [30] even though the erectile reflex is not fully 
restored [31]. The mechanism to account for this is unclear 
since pelvic floor muscles, that are important for ejaculation, 
atrophy following castration, and E cannot restore their gross 
morphology [32], 

The method of E administration is similarly an important 
factor in determining how extensively E raises sexual interest 
because different methods are associated with different fluc¬ 
tuations in plasma E2 levels. For example, daily injections 
of E lead to a sharp increase in plasma E2 levels that rapidly 
decline within 12 h [33]. Thus, several weeks of daily injec¬ 
tions are required for males to reach the equivalent plasma E2 
levels found in proestrous females [34], In contrast, the use 
of a Silastic tube (i.e., slow-release implant) to administer E 
results in supraphysiological plasma E2 levels which stabi¬ 
lize to proestrous levels within 24 h [33]. However, the E2 
content in the implanted tubes declines over time resulting 
in a gradual reduction in the plasma E2 levels over several 
weeks [34]. Thus, if sustained dosing is the goal. Silastic 
tubes containing E need to be replaced every several weeks. 


Different methods of E administration are reflected in dif¬ 
ference in the male rats’ behavior. For example, several weeks 
are required to activate mounting in all castrates by daily 
injection of high dose EB [30], whereas this is achieved more 
quickly with Silastic tube implants [35]. 

It is also important to note that many factors influence nor¬ 
mal sexual behavior in rats; for example, housing condition 
(e.g., the number of animals per cage [36]), previous sexual 
experience [37], and the strain of the animal [38]. Undoubt¬ 
edly these variables can influence how much sexual behavior 
can be restored by E after castration in male rodents. 

In Suppl. Table 2, we review studies on 24 tetrapod species, 
excluding rats. In 18 of these species, 12 of which are mam¬ 
malian, E elevated sexual interest after castration, as indicated 
by copulatory and/or courtship behaviors. Studies to date with 
castrated amphibians fail to indicate that E restores sexual 
activity [39-41]. Of note, though the E dose used in those 
studies was very high and the authors reported some mortal¬ 
ity associated with the treatment. Whether lower E doses or a 
different type of E (only E2 has been tested) would produce 
different results needs further clarification. It is also possible 
that a complete restoration of sexual behavior in amphibians 
does not depend solely on gonadal steroids. For example, in 
castrated newts E only restored courtship behavior in combi¬ 
nation with vasotocin [42], 

Studies in reptiles and avian species show more inconsis¬ 
tent results. Only in castrated green anole lizards, chickens 
and Japanese quails, does E treatment increase copulatory 
behavior (see Suppl. Table 2). However, in other reptilian 
and avian species, E increased courtship behavior but not 
copulatory behavior. These observations suggest that some 
sexual interest can be restored by E in castrated males of these 
species. The only exception is the zebra finches, in which nei¬ 
ther copulatory nor courtship behaviors have been restored 
with E administration. However, this could be dose-related 
as the implant used in that study had a relatively small vol¬ 
ume compared to the implant used in Japanese quails. In fact, 
Watson et al. [43] showed that restoration of sexual activity 
in castrated quails by E is dose-dependent. To date, different 
doses of E have not been tested in castrated zebra finches. 

As shown in Suppl. Table 2, the majority of mammalian 
castrated males (12 out of 13 species, excluding rats) increase 
sexual activity above castrate level following E treatment. 
The only exception is the rhesus monkeys [44,45], However, 
this could be dose-related as high EB doses (higher than 
5 |Jig/l<g/day) cause penile, scrotal sac and perineal edema 
in rhesus monkeys [45], E-induced genital edema was also 
observed with baboons injected with EB [46] and rhesus 
monkeys with estradiol dipropionate [47], but not in chim¬ 
panzees receiving oral a-estradiol or ethinyl estradiol [48,49] . 
These findings suggest that the swelling of peripheral tis¬ 
sue in some castrated male primates given supplemental E 
may be associated with the method of administration or the 
type of E compound used. This warrants further investigation 
since different E compounds activate sexual behavior in other 
mammals where E2 fails to restore copulatory behavior after 


E. Wibowo, R.J. Wassersug / Critical Reviews in Oncology/Hematology 87 (2013) 224-238 


227 


castration; e.g., in guinea pigs (compare [50] and [51]) and in 
rabbits (compare [52] and [53,54]) estrone, but not EB, can 
elevate sexual interest after castration. 

Similar to what has been observed with rats, studies with 
other species have shown that various factors contribute 
to how much sexual behavior can be restored after castra¬ 
tion. Once again, relevant factors include age at castration 
[55], type of E compound [56], and method of administra¬ 
tion [57]. Additionally, lighting conditions can be crucial 
for those species whose sexual activity varies seasonally in 
their natural habitat. For example, in green anole lizards, E 
increased copulatory activity when the amount of light per 
day increases, resembling the Spring season, but not under 
Fall lighting conditions [58], Other factors, such as the dura¬ 
tion of the treatment, become important when daily injections 
are used (see results in deer mice [59] and in golden hamsters 
[60,61]). This is because, as previously mentioned for rats, 
with daily injections it takes several weeks to elevate plasma 
E2 levels to those of proestrous females [34], Therefore, if 
this method of administration is used, experimenters should 
consider assessing the sexual behavior multiple times over 
several weeks, as the effects of E may require a prolonged 
time to be optimized. In sum, E can increase sexual activ¬ 
ity in castrated males from a variety of tetrapod species and 
many factors contribute to how much sexual interest can be 
elevated by E. 

3.2. Human studies 

E has been administered to genetic males who are 
androgen (and/or E) deprived [8], High doses of E 
reduce libido in intact men because E shuts down the 
hypothalamic-pituitary-gonadal axis by enhancing negative 
feedback inhibition [62], On the other hand, E may increase 
the libido of hormone-deprived men above castrate levels. 

In Table 1, we review studies on prostate cancer patients 
who were on E-therapy. In those studies, there was always a 
subset of patients who maintained erectile function following 
PCa treatments, however, what determines if erectile potency 
can be preserved is not known. It is also important to add that 
erectile function does not always translate into the patients 
being sexually active. In Ellis and Gray hack [63] and Choi 
et al. [64], 38 and 19 patients, respectively, were sexually 
potent prior to any treatment but only 26 and 7, respec¬ 
tively, were sexually active (more than 13 coitus/year) after 
treatment. Thus, pre-treatment sexual behavior may influence 
whether patients remain sexually active after treatment. 

In two studies [63,65], some men were sexually active 
prior to treatment and among these men, more patients on 
E therapy remained sexually active than those who were 
orchiectomized. Ellis and Grayhack [63], however, only 
assessed sexual activity based on penile-vaginal intercourse. 
This was not the case in the Bergman et al. [65] study as only 
2 out of 12 patients retained erection. In contrast, Bergman 
et al. [651 reported that 7 out of 10 E-treated men contin¬ 
ued sexual activity even in the absence of orgasm. Petersen 


[66] found that 8 out of 38 patients retained libido and 3 out 
of 26 patients maintained coital activity after E treatment, 
but the author did not mention if the patients were involved 
in non-coital sexual activity. In sum, there is evidence that 
E-treated PCa patients tend to be more sexually active than 
castrated men who are not on E-therapy. However, a more 
thorough study needs to be conducted to assess how libido is 
affected in these patients and whether these patients continue 
non-coital sexual activity in the absence of erectile and/or 
orgasmic function, which can be indicative of sexual interest 
even when coital sex is unlikely. 

There is evidence that E can raise sexual interest in other 
populations of androgen-deprived men. For example, in men 
castrated for other reasons than PCa E elevates libido above 
castrate levels; in fact almost as well as when the subjects 
are taking testosterone [67,68]. Furthermore, many male- 
to-female transsexuals (MtFs) on E therapy remain sexually 
active [69,70], but these studies are hard to compare as many 
MtFs concurrently take progesterone and/or antiandrogens. 

Some relevant data are available on yet another group of 
men; those who have low E plasma levels as a result of an 
aromatase gene mutation. These men have a normal libido but 
in one case study, E treatment elevated the patient’s sexual 
interest [71], while in three other case studies, E therapy alone 
did not change the patients’ libidos [72-74], However, this 
could be because testosterone is still endogenously produced 
in these patients. 

Further evidence for E’s role in maintaining libido comes 
from studies on PCa patients who are on antiandrogen 
monotherapy for ADT. Antiandrogens prevent the binding of 
testosterone to androgen receptors. The unbound testosterone 
is then converted to E by the enzyme aromatase. There¬ 
fore, PCa patients, who receive antiandrogen treatment, have 
an elevated plasma E2 level secondary to elevated serum 
testosterone levels. Some studies report that more patients 
on antiandrogen monotherapy retain their libido than those 
who are surgically castrated [ 75-77]. In one report, over 60% 
of patients taking antiandrogen monotherapy preserved their 
sexual interest as compared to ~30% of patients who were 
surgically castrated [78], Here, the preservation of libido by 
antiandrogens is understood to be due to elevated E2 levels, 
and it is notable that these men experience other estrogenic 
effects, such as gynecomastia and reduced hot flashes. 

Similar to animal studies, the effectiveness of E in restor¬ 
ing libido for men may depend on multiple factors. Age is 
an important one as sexual performance declines naturally as 
men age [79]. Pre-castration sexual behavior should also be 
considered as some patients, even though they have a partner 
and normal erectile function, are not sexually active. Thus, 
they would remain sexually inactive after treatment. At the 
other extreme, some people are naturally hypersexual, thus, 
they retain high sexual activity after treatment. For example, 
in the Ellis and Grayhack study [63], there was a man who 
claimed having intercourse 6 times per night pre-operatively. 
After castration and E treatment, he still reported having inter¬ 
course 15 times per week though it declined to twice per week 
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Table 1 


The effect of estrogen therapy on the sexual behavior of prostate cancer patients. 


Study 

Sample size 

E type and dose 

Selected results 

Additional notes 

Ellis and Grayhack [63] 

20 (E alone) 

41 (castration + E) 

Stilbestrol at 3-500 mg per 
day and chlorotrianisene at 
12.5-25 mg per day 
[both are synthetic E] 

7 (E alone), 6 (castration + E), and 

3 (castration only) patients retained 
potency after treatment. 

Among these patients; 4 (E alone), 

2 (castration + E), 2 (castration 
only) remained sexually 
active—having intercourse more 
than once a month. 

Before treatment, 9 (E alone), 22 
(castration + E), and 7 (castration 
only) patients were sexually potent 
but only 26 were sexually active. 
The authors did not indicate how 
these 26 were assigned into 
treatment groups. 

Those who were impotent before 
treatment remained impotent after 
treatment. 

Choi et al. [64] 

10 (E alone) 

22 (castration + E) 

2 mg of diethylstilbestrol per 
day 

6 (E alone), 4 (castration + E), and 

1 (castration only) patients retained 
potency after treatment. 

After treatment, those (regardless 
of treatment) that remained potent 
had a reduced frequency of sexual 
intercourse with a mean of 9.4 
times in a year. 

Before treatment 9 (E alone), 7 
(castration + E), and 3 (castration 
only) patients were sexually potent. 
Before treatment those (regardless 
of treatment) that were potent had a 
mean sexual intercourse frequency 
of 16.4 times in a year. 

Bergman et al. [65] 

12 

Intramuscular injection of 
80-160 mg polyestradiol 
phosphate per month and 

150 |jig ethinylestradiol per 
day 

Among E-treated patients, 5 
patients found their libidos were 
preserved, 2 had reduced libidos, 
and 5 completely lost their libidos 
(compared to 5, 4 and 3, 
respectively for orchiectomized 
men). 

8/10 patients receiving E treatment 
remained sexually active with a 
partner compared to 3/10 for 
orchiectomized men. 

Only men who had erections and 
were sexually active (either by 
intercourse or masturbation) before 
treatment were included in the 
study. 

Petersen [66] - this study 
included the data from 
Hauser [172] and 
Petersen [173] as well 

50 

45 patients were on 
intramuscular injection of 80 
or 160 mg polyestradiol 
phosphate per month. 

5 patients took high dose 
[total dose received was 
between 270 and 2000 mg] 
estradiol dipropionate; one of 
the 5 took additional ethynil 
estradiol. 

8/36 retained some libido 

6/41 were capable of erections 

2/40 were capable of ejaculating 
3/26 maintained coital activity 

Only 41 patients had partial/full 
sexual function before treatment. 


30 months later. Other factors, which may confound the effect 
of E on sexual interest, include stress levels and socio-cultural 
factors. 


4. Orgasmic function 

In both men and women, the pelvic floor muscles (PFM) 
are important for continence and orgasm. These muscles con¬ 
tract rhythmically during orgasm in both men and women 
[80,81]. Changes in the PFM after ADT have not been widely 
researched in humans, but in animal studies, castration causes 
atrophy of the PFM, suggesting their dependence on andro¬ 
gens. In fact, the PFM contain both androgen and estrogen 
receptors [82]. However, E cannot prevent castration-induced 
atrophy; although one study on male rats showed that E 


treatment partially maintains the morphology of the pubo- 
coccygeous muscle after castration [83]. 

In rats, one PFM (the bulbocavernosus) is innervated by 
the spinal nucleus of the bulbocavernosus (SNB) and the cell 
bodies of the motoneurons in the SNB atrophy after castra¬ 
tion. E cannot reverse this shrinkage [84,85], However, E 
maintains the normal electrical activity of the PFM in cas¬ 
trated male rodents [86-88]. These findings suggest that E 
may have some role in normal function of the PFM. In fact, 
high dose E treatment restores ejaculatory behavior in cas¬ 
trated male rats [30]. Such findings may not translate into 
restoration of erectile function in androgen-deprived men, 
but they do not exclude the possibility that E has an effect on 
orgasmic function. 

Unfortunately, there are few studies on how E may affect 
orgasm in men. Bergman et al. [65] found that 11 out of 12 
PCa patients lost their ability to reach orgasm following E 
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therapy. Of note, the age of the men in that study ranged 
from 64 to 87 years, old enough to experience the natural 
decline in orgasmic capability that occurs with aging [79], 
As previously reported, ADT may not always lead to loss of 
orgasm [3,89], In the report by Wassersug [89], the subject 
was able to reach orgasm using alternative sexual practices 
that did not depend on penile erections. 

5. Skin sensitivity 

Women appear to have more sensitive skin than men 
[90,91 ] ; at least on the hands [92], nipples, areolas and breasts 
[93 ] . This sex difference only appears at puberty, suggesting 
that this is due to either the high testosterone in men or high 
E in women. In one study [92], a higher plasma E2 level in 
women was associated with increased sensitivity to vibrotac- 
tile stimulation on the hand. Therefore, E may have a direct 
influence on skin sensitivity. 

In males, aromatase and ERs are expressed on the skin of 
the genitals, sensory corpuscles and penile nerves [94-96] 
suggesting E’s involvement in afferent input and potentially 
in sexual arousal. As further support of this idea, ERs are 
present in the autonomic and sensory ganglionic neurons that 
are associated with male genitalia [97,98]. 

In castrated male rodents, the receptive field of the nerves 
that supply the perineal region is reduced [99] and there are 
changes in the physiology of the genital skin mechanore- 
ceptor [99,100], However, no changes in the genital sensory 
afferent activity after castration have been reported in the 
one other mammalian species examined to date; i.e., the cat 
[101]. Currently, we do not know if E increases the size or 
sensitivity of the sensory field of the genital skin in castrated 
human males. However, two independent studies [102,103] 
showed that E treatment to ovariectomized rats widens the 
sensory field of the genital skin, which may be beneficial in 
increasing sexual arousal by tactile stimulation. The effect 
of E on the female skin’s receptive field is not restricted to 
genitalia, but has been replicated in facial [104] and trigemi¬ 
nal [105] neurons. Furthermore, the effect of E on trigeminal 
neurons was not exclusive to females and was also observed 
in castrated male rats [ 106], If E increases tactile sensitivity 
to genital skin, it may potentially help increase sexual arousal 
associated with tactile stimuli of an erotic nature. 


6. Pros and cons of estrogen therapy 

6.1. Advantages 

6.1.1. E reduces hot flashes and may improve sleep 

Hot flashes and night sweats are reported by 70-80% of 
men who are on ADT and the majority of these cases are 
severe enough to warrant intervention [4,107]. In some stud¬ 
ies, E has been proven to be one of the most effective agents to 
reduce the severity of hot flashes in men on ADT ] 108-111], 


Severe hot flashes often lead to sleep problems [112,113]. 
Sleep disturbance in patients can also interfere with the 
sleep of their partners, impacting the couple’s quality of life. 
Whether E can improve sleep quality in PCa patients on 
ADT is unknown. However, indirectly, sleep quality should 
improve if E reduces nocturnal hot flashes. In one study of 
MtFs [ 114], E in combination with antiandrogens prolonged 
one of the sleep stages, but the authors did not report whether 
the individuals subjectively reported better sleep quality. 

We recently explored the effect of E2 administration on the 
sleep/wake behavior of castrated male rats [115], We found 
that E treatment promotes wakefulness and helps recover 
some sleep following sleep deprivation. If E can improve day¬ 
time alertness and help androgen-deprived men sleep better, 
it could indirectly also reduce the cognitive decline that has 
been reported with ADT in several studies [116,117], 

6.1.2. E protects bone 

ADT induces bone resorption. This appears to be due 
to both androgen and estrogen deprivation, since receptors 
for both steroids are present in the skeletal system and are 
involved in bone mineral balance [118], ADT reduces bone 
mineral density most rapidly shortly after ADT is started 
[119] and fracture incidence increases as well [120,121], 

High dose E therapy, as a primary method for ADT, has 
been shown to maintain and improve bone mineral density 
in PCa patients [5,122]. This finding was not replicated in 
patients who had previously been treated with LHRH ago¬ 
nists [123]; however the E dose used in that study was low 
compared to the other two studies. 

6.2. Critical period hypothesis 

The interval from starting ADT to the beginning of E 
treatment may be crucial in maximizing the beneficial effects 
of E. This is based on the “critical period” [124], which is 
also called the “window of opportunity” [125], hypothesis 
on the cognitive performance of post-menopausal women 
on hormone replacement therapy. Based on this hypothe¬ 
sis, E treatment started in the perimenopausal period can be 
cognitively protective, but the benefits may be reduced or 
even lost with later administration. Data from ovariectomized 
rodents further support this hypothesis; i.e., female rats per¬ 
form better on cognitive tasks when treated with E early rather 
than late after gonadectomy [126]. Brinton [127] proposed a 
“healthy cell bias” hypothesis to explain this timing effect. In 
brief, neuronal function deteriorates naturally with age and/or 
after steroid deprivation, but E treatment can be neuroprotec- 
tive when administered before there is substantial neuronal 
degeneration. 

The effect of ADT on cognition has been controversial. 
While some studies found that cognition declines in certain 
domains after ADT [128,129], an improvement or no change 
in cognition following ADT has also been reported [116,117]. 
It has been previously suggested that these divergent results 
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for men on ADT may be in part explained by the critical 
period hypothesis [130], 

A few studies have explored the effect of E on cognitive 
function in androgen-deprived genetic males, but with mixed 
results. One study showed that E treatment improved at least 
one cognitive domain in PCa patients on ADT [7], Similar 
data are available for MtFs [131,132], However, these find¬ 
ings were not supported in two other studies [133,134], It is 
important to note that the plasma E2 levels in those two stud¬ 
ies were not as high as those in the Beer et al. [7] study. Thus, 
the difference in results could be dose-related. Whether the 
timing onset of E treatment after ADT is important in max¬ 
imizing its effect on cognition is not known, however, that 
has previously been suggested to account for these divergent 
results [130], 

We recently explored the critical period hypothesis as 
applied to the sexual behavior of castrated male rats [9]. We 
found that late (i.e., 3 months delay in) E2 treatment after cas¬ 
tration was as effective as early (i.e., no delay) E2 treatment 
in restoring sexual interest (indicated by mounting behav¬ 
ior) in male rats. This finding is consistent with the study 
by Antliff and Young 1 50] who compared the effect of early 
(1 week) versus late (10 weeks) initiation of estrone treat¬ 
ment after castration on the sexual behavior of male guinea 
pigs. Therefore, the effects of E on male sexual behavior may 
be relatively insensitive to when E treatment is started after 
castration. 

6.3. Disadvantages 

6.3.1. Cardiovascular morbidity 

After Huggins and Hodges [135] discovered that estrogen 
(E) treatment reduces the serum acid phosphatase level in 
PCa patients, oral E became the first drug treatment for PCa. 
Oral E, however, elevates thromboembolic risk and was sub¬ 
sequently replaced with LHRH agonists [136]. Yet, LHRH 
agonists increase the risk of metabolic syndrome [137], which 
may carry its own cardiovascular morbidity risk [ 138,139], 

Recent studies [140,141] have determined that the throm¬ 
boembolic risk of E can be reduced if the drug is administered 
parenterally. This is because when E is administered orally, 
the E is carried by the portal system directly to the liver and 
undergoes hepatic metabolism resulting in the up-regulation 
of clotting factors [142], However, this surge to the liver can 
be avoided when E is administered parenterally; i.e., trans- 
dermally or through intramuscular injection. 

A high plasma E2 level may increase cardiovascular mor¬ 
bidity. However, data to date suggest that this risk is not higher 
than that associated with LHRH agonists [140,143,144]. One 
study suggests that this risk is only during the first two years 
of treatment and in the long term, E may reduce cardiovas¬ 
cular morbidity [145], In addition, there is evidence that E 
can be cardioprotective through activation on its G-protein 
coupled receptors [146]. Furthermore, parenteral E admin¬ 
istered to androgen-deprived PCa patients has also been 
shown to improve their lipid profiles [6], Recently, Scott 


et al. [147] reviewed evidence showing that there is a critical 
period for E to be beneficial for cardiovascular function in 
post-menopausal women. Whether this is true for androgen- 
deprived men is uninvestigated. 

6.3.2. Gynecomastia 

E therapy in genetic males causes gynecomastia, which 
has both psychological and social implications [148,149], 
This is a desired effect for MtFs, but considered undesir¬ 
able by most PCa patients. Interventions for gynecomastia are 
available and include subcutaneous mastectomy and the use 
of prophylactic breast radiation [148], In addition, selective 
estrogen receptor modulators, such as tamoxifen, have been 
recommended to counteract gynecomastia [150], Although 
tamoxifen can be effective in reducing this specific side effect 
of high E, those authors do not consider the positive benefits 
of E on other organs and tissues, most notably bone and the 
brain. 

6.3.3. Breast cancer risk 

Although men have a relatively lower risk than women, 
high dose E still elevates their risk of developing breast can¬ 
cer [151]. So far, there are only 6 reported cases of bilateral 
breast cancer in PCa patients on E [152]. Risk factors for 
men to develop E-sensitive breast cancer are not well known. 
Thus, regular breast cancer screening should be considered 
for genetic males on E therapy. 

6.3.4. Prostate cancer risk 

E appears to be active in a castration resistant state of 
PCa [153-158], although it is controversial as to whether 
E has a stimulatory or inhibitory effect on PCa cells [159], 
How E may potentially promote carcinogenesis of PCa at 
the cellular level has recently been reviewed and the activa¬ 
tion of ERa, but not ER(3, is thought to underlie this effect 
[ 160,161 ]. In addition, E may also activate mutated androgen 
receptors [162,163]; as has been observed with antiandro¬ 
gens. If that happens, the use of E as a PCa treatment should 
be discontinued. 

6.4. Treatment regime 

E exposure can induce the autoregulation of ERs by regu¬ 
lating their degradation [ 164,165], For example, high plasma 
E2 levels lead to the degradation of ERs, which is presumed to 
be the mechanism that maintains an optimal cellular response 
to E2 in, for example, premenopausal women. Based on 
this, the effect of E is likely to be reduced under chronic 
E administration because the ERs will be down-regulated. 
For this reason, we hypothesize that cyclical administra¬ 
tion of E would be a better option than continuous dosing. 
Consistent with this suggestion is the fact that intermittent 
LHRH agonist therapy attenuates the detrimental side effects 
of ADT (including some sexual recovery when the treatment 
is stopped) and therefore improving the patients’ quality of 
life [166,167], In a small retrospective report on intermittent 
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diethylstilbestrol (DES) therapy, Klotz et al. [168] reported 
that 10 out of 12 men became impotent while on DES therapy, 
however, 9 resumed sexual activity following the cessation of 
DES therapy. Based on these findings, intermittent or cyclic 
E therapy may be preferable to continuous therapy for main¬ 
taining sexual interest. 

7. Implications for future research 

Many questions remain about the effects of exogenous E 
on androgen-deprived men. For example, the critical period 
hypothesis has not been explored for men in terms of how the 
timing of administration may influence E’s ability to preserve 
libido or cognitive function. Further research is needed in 
general to determine: (1) what factors influence the extent 
to which libido can be preserved by E in androgen-deprived 
males, (2) how E maintains orgasm in some castrated men 
in the absence of erectile function, and (3) whether E can 
increase arousal by improving genital skin sensitivity. 

What also remains to be explored is whether E can improve 
sleep quality and reduce fatigue in men on ADT as has been 
shown for rats in one laboratory study [115]. Furthermore, 
whether the beneficial effects of E in androgen-deprived 
males can be enhanced with cyclic or intermittent dosing 
is uninvestigated. 

8. Conclusion 

Estrogen plays a role in normal male physiology. Declin¬ 
ing plasma E levels in men after ADT lead to adverse events, 
such as hot flashes, reduced libido, and osteoporosis. We 
suggest that PCa patients, who are prescribed androgen sup¬ 
pression to treat androgen dependant PCa, could be offered 
supplemental parenteral E2 (avoiding the thomboembolic 
risk of oral E) to attenuate the detrimental side effects of E 
deprivation. However, this offer should be made with caution 
and avoided if the patient has a family history of E sensitive 
breast cancer or a personal history of thromboembolic events. 

Based on the studies reviewed above, we expect that 
exogenous E administration can raise libido above castrate 
levels in some men on ADT. This residual libido may be 
appreciated not only by the patients, but also their partners. 

Both patients and their partners should be counseled about 
the pros and cons of parenteral E2 as either a supplement to 
LHRH agonists, or as a primary method of ADT. They need to 
understand, for example, the merits in preserving the patient’s 
libido, even if erectile function is not recovered. Patients and 
their partners need to be informed that sexual intimacy is still 
possible with erectile dysfunction, and that there are options 
of rewarding sexual activity in the absence of penile-insertive 
intercourse [89,169]. Patients further need to know that their 
partners may still appreciate physical contact in the absence 
of coital sex [170], Having some libido preservation in the 
male on ADT can thus help couples maintain intimacy of 
both a sexual and nonsexual nature. 


Estrogens are currently prescribed to PCa patients as sec¬ 
ond line hormonal therapy [171]. We suspect, however, that 
supplemental E2 will be most effective in preserving the qual¬ 
ity of life of PCa patients, if provided earlier in treatment, 
concurrent with the initiation of ADT. Lastly we speculate 
that E’s effectiveness may be enhanced if it is administered 
in a cyclic fashion that preserves ER density on target tissues. 


Conflict of interest 

None. 

Reviewers 

Dr. Ruth Langley, MRC Clinical Trials Unit, London, 
United Kingdom. 

Dr. Paul D. Abel, Professor of Urology, Department 
of Surgery and Cancer, Imperial College London, United 
Kingdom. 

Acknowledgements 

We thank Hannah Calich and Imhokhai Ogah for proof¬ 
reading the manuscript. Kirsten Kukula and Inga Westermann 
translated the German papers. Sook Hyun Chung translated 
a Korean paper. We also thank Paul Schellhammer, Celes- 
tia Higano, Imran Shah for critical feedback on the draft 
manuscript. 

Erik Wibowo was a recipient of a Cancer Research 
Training Program award from the Beatrice Hunter Cancer 
Research Institute in conjunction with the Canadian Cancer 
Society, Nova Scotia Division. He is also supported by 
a Scotia Support Grant through the Nova Scotia Health 
Research Foundation. Richard Wassersug’s research has 
been supported by the Nova Scotia Health Research Foun¬ 
dation, the Beatrice Hunter Cancer Research Institute, and 
the Natural Science and Engineering Research Council 
of Canada. The funding sources were not involved in the 
literature search, writing the article, or deciding to submit 
the article for publication. 

Appendix A. Supplementary data 

Supplementary data associated with this article can be 
found, in the online version, at http://dx.doi.Org/10.1016/j. 
critrevonc.2013.01.006. Refs. [174-260] are cited in Supple¬ 
mentary Tables. 


References 

[ 1 ] Mazzola CR, Mulhall JR Impact of androgen deprivation therapy on 
sexual function. Asian Journal of Andrology 2012;14:198-203. 


232 


E. Wibowo, R.J. Wassersug / Critical Reviews in Oncology/Hematology 87 (2013) 224-238 


[2] Elliott S, Latini DM, Walker LM, Wassersug R, Robinson JW. Andro¬ 
gen deprivation therapy for prostate cancer: recommendations to 
improve patient and partner quality of life. Journal of Sexual Medicine 
2010;7:2996-3010. 

[3] Wibowo E, Wassersug R, Warkentin K. Impact of androgen depri¬ 
vation therapy on sexual function: a response. Asian Journal of 
Andrology 2012;14:793-4. 

[4] Engstrom CA. Hot flashes in prostate cancer: state of the science. 
American Journal of Men’s Health 2008;2:122-32. 

[5] Ockrim JL, Lalani EN, Banks LM, et al. Transdermal estradiol 
improves bone density when used as single agent therapy for prostate 
cancer. Journal of Urology 2004;172:2203-7. 

[6] Purnell JQ, Bland LB, Garzotto M, et al. Effects of transdermal 
estrogen on levels of lipids, lipase activity, and inflammatory mark¬ 
ers in men with prostate cancer. Journal of Lipid Research 2006;47: 
349-55. 

[7] Beer TM, Bland LB, Bussiere JR, et al. Testosterone loss and estra¬ 
diol administration modify memory in men. Journal of Urology 
2006;175:130-5. 

[8] Wibowo E, Schellhammer PF, Wassersug R. Role of estrogen 
in normal male function: clinical implications for patients with 
prostate cancer on androgen deprivation therapy. Journal of Urology 
2011;185:17-23. 

[9] Wibowo E, Wassersug RJ. Does the timing of estrogen administration 
after castration affect its ability to preserve sexual interest in male rats? 
- Exploring the critical period hypothesis. Physiology and Behavior 
2012; 110-111:63-72. 

[10] Pak TR, Handa RJ. Steroid hormone receptors and sex differences 
in behaviour. In: Becker JB, Berkley KJ, Geary N, Hampson E, 
Herman JP, Young EA, editors. Sex differences in the brain from 
genes to behaviour. New York: Oxford University Press; 2008. p. 
109-38. 

[11] Kruijver FP, Balesar R, Espila AM, Unmehopa UA, Swaab DF. 
Estrogen-receptor-beta distribution in the human hypothalamus: sim¬ 
ilarities and differences with ER alpha distribution. Journal of 
Comparative Neurology 2003;466:251-77. 

[12] Ferretti A, Caulo M, Del Gratta C, et al. Dynamics of male sexual 
arousal: distinct components of brain activation revealed by fMRI. 
Neuroimage 2005;26:1086-96. 

[13] Huh J, Park K, Hwang IS, et al. Brain activation areas of sexual 
arousal with olfactory stimulation in men: a preliminary study using 
functional MRI. Journal of Sexual Medicine 2008;5:619-25. 

[14] Savic I, Berglund H, Lindstrom P. Brain response to puta¬ 
tive pheromones in homosexual men. Proceedings of the 
National Academy of Sciences of the United States of America 
2005;102:7356-61. 

[15] Georgiadis JR, Reinders AA, Paans AM, Renken R, Kortekaas R. 
Men versus women on sexual brain function: prominent differences 
during tactile genital stimulation, but not during orgasm. Human Brain 
Mapping 2009;30:3089-101. 

[16] Mowa CN, Jesmin S, Miyauchi T. The penis: a new target and 
source of estrogen in male reproduction. Histology and Histopath- 
ology 2006;21:53-67. 

[17] Goodale HD. Feminized male birds. Genetics 1918;3:276-99. 

[18] Nissen HW. The effects of gonadectomy, vasotomy and injections of 
placental and orchic extracts on the sex behavior of the white rat. 
Genetic Psychology Monographs 1929;5:451-547. 

[19] Ball J. Sex activity of castrated male rats increased by estrin 
administration. Journal of Comparative Psychology 1937;24: 
135-14. 

[20] Pfaff DW, Zigmond RE. Neonatal androgen effects on sexual and non- 
sexual behavior of adult rats tested under various hormone regimes. 
Neuroendocrinology 1971 ;7:129-45. 

[21] Sodersten P. Mounting behavior and lordosis behavior in castrated 
male rats treated with testosterone propionate, or with estradiol 
benzoate or dihydrotestosterone in combination with testosterone 
propinonate. Hormones and Behavior 1975;6:109-26. 


[22] Sodersten P, Larsson K. Lordosis behavior and mounting behavior in 
male rats: effects of castration and treatment with estradiol benzoate or 
testosterone propionate. Physiology and Behavior 1975;14: 159-64. 

[23] McCarthy MM. Estradiol and the developing brain. Physiological 
Reviews 2008;88:91-124. 

[24] Schulz KM, Molenda-Figueira HA, Sisk CL. Back to the future: the 
organizational-activational hypothesis adapted to puberty and ado¬ 
lescence. Hormones and Behavior 2009;55:597-604. 

[25] Larsson K, Sodersten P, Beyer C. Sexual behavior in male rats treated 
with estrogen in combination with dihydrotestosterone. Hormones 
and Behavior 1973;4:289-99. 

[26] Luttge WG, Hall NR, Wallis CJ, Campbell JC. Stimulation of male 
and female sexual behavior in gonadectomized rats with estrogen 
and androgen therapy and its inhibition with concurrent anti-hormone 
therapy. Physiology and Behavior 1975;14:65-73. 

[27] Paup DC, Mennin SP, Gorski RA. Androgen- and estrogen-induced 
copulatory behavior and inhibition of luteinizing hormone (LH) secre¬ 
tion in the male rat. Hormones and Behavior 1975;6:35-46. 

[28] Larsson K, Sodersten P, Beyer C, Morali G, Perez-Palacios G. Effects 
of estrone, estradiol and estriol combined with dihydrotestosterone on 
mounting and lordosis behavior in castrated male rats. Hormones and 
Behavior 1976;7:379-90. 

[29] Ball J. Male and female mating behavior in prebupertally castrated 
male rats receiving estrogens. Journal of Comparative Psychology 
1939;28:273-83. 

[30] Sodersten P. Estrogen-activated sexual behavior in male rats. Hor¬ 
mones and Behavior 1973;4:247-56. 

[31] O’Hanlon JK, Meisel RL, Sachs BD. Estradiol maintains castrated 
male rats’ sexual reflexes in copula, but not ex copula. Behavioral 
and Neural Biology 1981;32:269-73. 

[32] Nowacek AS, Sengelaub DR. Estrogenic support of motoneuron 
dendritic growth via the neuromuscular periphery in a sexu¬ 
ally dimorphic motor system. Journal of Neurobiology 2006;66: 
962-76. 

[33] Isaksson IM, Theodorsson A, Theodorsson E, Strom JO. Methods 
for 17beta-oestradiol administration to rats. Scandinavian Journal of 
Clinical and Laboratory Investigation 2011 ;71:583—92. 

[34] Strom JO, Theodorsson E, Theodorsson A. Order of magni¬ 
tude differences between methods for maintaining physiological 
17beta-oestradiol concentrations in ovariectomized rats. Scandina¬ 
vian Journal of Clinical and Laboratory Investigation 2008;68: 
814-22. 

[35] McGinnis MY, Dreifuss RM. Evidence for a role of 
testosterone-androgen receptor interactions in mediating masculine 
sexual behavior in male rats. Endocrinology 1989;124:618-26. 

[36] Beach FA. Comparison of copulatory behavior of male rats raised in 
isolation, cohabitation, and segregation. Journal of Genetic Psychol¬ 
ogy 1942;60:121-36. 

[37] Attila M, Oksala R, Agmo A. Sexual incentive motivation in male 
rats requires both androgens and estrogens. Hormones and Behavior 
2010;58:341-51. 

[38] Sachs BD. Penile erection in response to remote cues from females: 
albino rats severely impaired relative to pigmented strains. Physiology 
and Behavior 1996;60:803-8. 

[39] Deviche P, Moore FL. Steroidal control of sexual behavior in 
the rough-skinned newt ( Taricha granulosa ): effects of testos¬ 
terone, estradiol, and dihydrotestosterone. Hormones and Behavior 
1988;22:26-34. 

[40] Andreoletti GE, Malacame G, Vellano C. Androgen control of male 
sex behavior in the crested newt ( Triturus cristatus carnifex Laur .): 
castration and sex steroid administration. Hormones and Behavior 
1983;17:103-10. 

[41] Kelley DB, Pfaff DW. Hormone effects on male sex behavior in adult 
South African clawed frogs, Xenopus laevis. Hormones and Behavior 
1976;7:159-82. 

[42] Moore FL, Miller LJ. Arginine vasotocin induces sexual behavior of 
newts by acting on cells in the brain. Peptides 1983;4:97-102. 



E. Wibowo, R.J. Wassersug / Critical Reviews in Oncology/Hematology 87 (2013) 224-238 


233 


[43] Watson JT, Abdelnabi M, Wersinger S, Ottinger MA, Adkins-Regan 
E. Circulating estradiol and the activation of male and female cop- 
ulatory behavior in Japanese quail ( Coturnix japonica). General and 
Comparative Endocrinology 1990;77:229-38. 

[44] Phoenix CH, Chambers KC. Sexual behavior in adult gonadectomized 
female pseudohermaphrodite, female, and male rhesus macaques 
(.Macaca mulatto ) treated with estradiol benzoate and testosterone 
propionate. Journal of Comparative and Physiological Psychology 
1982;96:823-33. 

[45] Michael RP, Zumpe D, Bonsall RW. Estradiol administration and the 
sexual activity of castrated male rhesus monkeys (Macaca mulatto). 
Hormones and Behavior 1990;24:71-88. 

[46] Gilbert C. The inhibitory effect of the testis on the oestrogen sensitivity 
of the sex skin of the male baboon ( Papio porcarius). South African 
Journal of Medical Sciences 1944;9:125-30. 

[47] Kamal N, Agarwal AK, Jehan Q, Setty BS. Biological action of estro¬ 
gen on the epididymis of prepubertal rhesus monkey. Andrologia 
1985; 17:339^45. 

[48] Clark G. Estrogens and the sex skin in the male chimpanzee. 
Endocrinology 1946;39:155-7. 

[49] Clark G. The failure of estrogen to induce changes in the sex skin 
of the male chimpanzee. Yale Journal of Biology and Medicine 
1949;21:245-7. 

[50] Antliff HR, Young WC. Behavioral and tissue responses of male 
guinea pigs to estrogens and the problem of hormone specificity. 
Endocrinology 1956;59:74-82. 

[51] Alsum P, Goy RW. Actions of esters of testosterone, dihydrotestos¬ 
terone, or estradiol on sexual behavior in castrated male guinea pigs. 
Hormones and Behavior 1974;5:207-17. 

[52] Foote RH, Draddy PJ, Breite M, Oltenacu EA. Action of androgen 
and estrone implants on sexual behavior and reproductive organs of 
castrated male rabbits. Hormones and Behavior 1977;9:57-68. 

[53] Agmo A, Sodersten P. Sexual behaviour in castrated rabbits treated 
with testosterone, oestradiol, dihydrotestosterone or oestradiol in 
combination with dihydrotestosterone. Journal of Endocrinology 
1975;67:327-32. 

[54] Beyer C, de la Torre L, Larsson K, Perez-Palacios G. Synergistic 
actions of estrogen and androgen on the sexual behavior of the cas¬ 
trated male rabbit. Hormones and Behavior 1975;6:301-6. 

[55] Romeo RD, Wagner CK, Jansen HT, Diedrich SL, Sisk CL. Estradiol 
induces hypothalamic progesterone receptors but does not activate 
mating behavior in male hamsters (Mesocricetus auratus ) before 
puberty. Behavioral Neuroscience 2002;116:198-205. 

[56] D’ Occhio MJ, Brooks DE. The influence of androgens and oestrogens 
on mating behaviour in male sheep. Theriogenology 1976;6:614. 

[57] Balthazart J, Schumacher M, Malacarne G. Interaction of androgens 
and estrogens in the control of sexual behavior in male Japanese quail. 
Physiology and Behavior 1985;35:157-66. 

[58] Latham S, Wade J. Estradiol facilitates mounting behavior in male 
green anole lizards. Physiology and Behavior 2010;99:78-81. 

[59] Clemens LG, Pomerantz SM. Male sexual behavior in deer mice ( Per- 
omyscus maniculatus) following castration and hormone replacement. 
Hormones and Behavior 1981;15:183-96. 

[60] Noble RG, Alsum PB. Hormone dependent sex dimorphisms in the 
golden hamster (Mesocricetus auratus ). Physiology and Behavior 
1975;14:567-74. 

[61] DeBold JF, Clemens LG. Aromatization and the induction of male 
sexual behavior in male, female, and androgenized female hamsters. 
Hormones and Behavior 1978;11:401-13. 

[62] Martin-Du Pan RC. Estrogens and male sexuality: efficiency of 
antiestrogens in case of hypothalamic hypogonadism and late onset 
hypogonadism. Revue Medicale Suisse 2011;7:644-7. 

[63] Ellis WJ, Grayhack. Sexual function in aging males after orchiectomy 
and estrogen therapy. Journal of Urology 1963;89:895-9. 

[64] Choi S, Yoo SJ, Rhew HY. Changes of sexual function after castra¬ 
tion in patients with advanced prostatic carcinoma. Korean Journal of 
Urology 1998;39:157-61. 


[65] Bergman B, Damber JE, Littbrand B, Sjogren K, Tomic R. Sex¬ 
ual function in prostatic cancer patients treated with radiotherapy, 
orchiectomy or oestrogens. British Journal of Urology 1984;56: 
64-9. 

[66] Petersen P. Psychic effects of estrogen on patients with pros¬ 
tatic diseases. Deutsche Medizinische Wochenschrift 1965;90: 
2309-12. 

[67] Davidson JM, Camargo C, Smith ER, Kwan M. Maintenance of sexual 
function in a castrated man treated with ovarian steroids. Archives of 
Sexual Behavior 1983;12:263-74. 

[68] Brett MA, Roberts LF, Johnson TW, Wassersug RJ. Eunuchs in con¬ 
temporary society: expectations, consequences, and adjustments to 
castration (part II). Journal of Sexual Medicine 2007;4:946-55. 

[69] Murad MH, Elamin MB, Garcia MZ, et al. Hormonal therapy and 
sex reassignment: a systematic review and meta-analysis of quality 
of life and psychosocial outcomes. Clinical Endocrinology (Oxford) 
2010;72:214-31. 

[70] Klein C, Gorzalka BB. Sexual functioning in transsexuals following 
hormone therapy and genital surgery: a review. Journal of Sexual 
Medicine 2009;6:2922-39. 

[71] Carani C, Rochira V, Faustini-Fustini M, Balestrieri A, Granata AR. 
Role of oestrogen in male sexual behaviour: insights from the natu¬ 
ral model of aromatase deficiency. Clinical Endocrinology (Oxford) 
1999;51:517-24. 

[72] Carani C, Granata AR, Rochira V, et al. Sex steroids and sexual desire 
in a man with a novel mutation of aromatase gene and hypogonadism. 
Psychoneuroendocrinology 2005 ;30:413-7. 

[73] Herrmann BL, Janssen OE, Hahn S, Broecker-Preuss M, Mann 
K. Effects of estrogen replacement therapy on bone and glucose 
metabolism in a male with congenital aromatase deficiency. Hormone 
and Metabolic Research 2005;37:178-83. 

[74] Bilezikian JP, Morishima A, Bell J, Grumbach MM. Increased 
bone mass as a result of estrogen therapy in a man with aro¬ 
matase deficiency. New England Journal of Medicine 1998;339: 
599-603. 

[75] Iversen P, Tyrrell CJ, Kaisary AV, et al. Casodex (bicalutamide) 150- 
mg monotherapy compared with castration in patients with previously 
untreated nonmetastatic prostate cancer: results from two multicen¬ 
ter randomized trials at a median follow-up of 4 years. Urology 
1998;51:389-96. 

[76] Iversen P, Tyrrell CJ, Kaisary AV, et al. Bicalutamide monother¬ 
apy compared with castration in patients with nonmetastatic locally 
advanced prostate cancer: 6.3 years of followup. Journal of Urology 
2000;164:1579-82. 

[77] Tyrrell CJ, Kaisary AV, Iversen P, et al. A randomised comparison 
of ‘Casodex’ (bicalutamide) 150 mg monotherapy versus castration 
in the treatment of metastatic and locally advanced prostate cancer. 
European Urology 1998;33:447-56. 

[78] Iversen P. Quality of life issues relating to endocrine treatment options. 
European Urology 1999;36(Suppl. 2):20-6. 

[79] Corona G, Lee DM, Forti G, et al. Age-related changes in general 
and sexual health in middle-aged and older men: results from the 
European Male Ageing Study (EMAS). Journal of Sexual Medicine 
2010;7:1362-80. 

[80] van Netten JJ, Georgiadis JR, Nieuwenburg A, Kortekaas R. 
8-13 Hz fluctuations in rectal pressure are an objective marker of 
clitorally-induced orgasm in women. Archives of Sexual Behavior 
2008;37:279-85. 

[81] Bohlen JG, Held JP, Sanderson MO. The male orgasm: pelvic con¬ 
tractions measured by anal probe. Archives of Sexual Behavior 
1980;9:503-21. 

[82] Sengelaub DR, Forger NG. The spinal nucleus of the bulbocaver- 
nosus: firsts in androgen-dependent neural sex differences. Hormones 
and Behavior 2008;53:596-612. 

[83] Alvarado M, Cuevas E, Lara-Garcia M, et al. Effect of gonadal hor¬ 
mones on the cross-sectional area of pubococcygeus muscle fibers in 
male rat. Anatomical Record (Hoboken) 2008;291:586-92. 



234 


E. Wibowo, R.J. Wassersug / Critical Reviews in Oncology/Hematology 87 (2013) 224-238 


[84] Forger NG, Fishman RB, Breedlove SM. Differential effects of testos¬ 
terone metabolites upon the size of sexually dimorphic motoneurons 
in adulthood. Hormones and Behavior 1992;26:204-13. 

[85] Fraley GS, Ulibarri CM. Long-term castration effects motoneuron 
size but not number in the spinal nucleus of the bulbocavemosus in 
the adult male Mongolian gerbil. Brain Research 2002;953:265-71. 

[86] Holmes GM, Sachs BD. Erectile function and bulbospongiosus EMG 
activity in estrogen-maintained castrated rats vary with behavioral 
context. Hormones and Behavior 1992;26:406-19. 

[87] Fargo KN, Foster AM, Harty MW, Sengelaub DR. Estrogen alters 
excitability but not morphology of a sexually dimorphic neuromus¬ 
cular system in adult rats. Journal of Neurobiology 2003;56:66-77. 

[88] Foster AM, Sengelaub DR. Hormone sensitivity of muscle activation 
in the sexually dimorphic SNB/BC neuromuscular system of the rat. 
Neuroscience Letters 2004;359:41^4. 

[89] Wassersug RJ. Mastering emasculation. Journal of Clinical Oncology 
2009;27:634-6. 

[90] Galton F. The relative sensitivity of men and women at the nape of 
the neck (by Weber’s test). Nature 1894;50:40-2. 

[91] Weinstein S, Sersen EA. Tactual sensitivity as a function of han¬ 
dedness and laterality. Journal of Comparative and Physiological 
Psychology 1961;54:665-9. 

[92] Gescheider GA, Verrillo RT, McCann JT, Aldrich EM. Effects of 
the menstrual cycle on vibrotactile sensitivity. Perception and Psy¬ 
chophysics 1984;36:586-92. 

[93] Robinson JE, Short RV. Changes in breast sensitivity at puberty, dur¬ 
ing the menstrual cycle, and at parturition. British Medical Journal 
1977;1:1188-91. 

[94] Jesmin S, Mowa CN, Matsuda N, et al. Evidence for a potential 
role of estrogen in the penis: detection of estrogen receptor-alpha 
and -beta messenger ribonucleic acid and protein. Endocrinology 
2002;143:4764-74. 

[95] Jesmin S, Mowa CN, Sakuma I, et al. Aromatase is abundantly 
expressed by neonatal rat penis but downregulated in adulthood. Jour¬ 
nal of Molecular Endocrinology 2004;33:343-59. 

[96] Crescioli C, Maggi M, Vannelli GB, et al. Expression of functional 
estrogen receptors in human fetal male external genitalia. Journal of 
Clinical Endocrinology and Metabolism 2003;88:1815-24. 

[97] Taleghany N, Sarajari S, DonCarlos LL, Gollapudi L, Oblinger MM. 
Differential expression of estrogen receptor alpha and beta in rat 
dorsal root ganglion neurons. Journal of Neuroscience Research 
1999;57:603-15. 

[98] Burke KA, Schroeder DM, Abel RA, Richardson SC, Bigsby RM, 
Nephew KP. Immunohistochemical detection of estrogen receptor 
alpha in male rat spinal cord during development. Journal of Neu¬ 
roscience Research 2000;61:329-37. 

[99] Enin LD, Kolosova LI, Chirkov VV. Effect of castration on the activity 
of rat cutaneous mechanoreceptors. Neurofiziologiia 1979; 11:601-3. 

[100] Johnson RD, Murray FT. Androgen dependent penile mechanore¬ 
ceptors in the rat. Anatomia, Histologia, Embryologia 1990; 19: 
86 . 

[101] Cooper KK, Aronson LR. Effects of castration on neural afferent 
responses from the penis of the domestic cat. Physiology and Behavior 
1974;12:93-107. 

[102] KomisarukBR, Adler NT, Hutchison J. Genital sensory field: enlarge¬ 
ment by estrogen treatment in female rats. Science 1972; 178:1295-8. 

[103] Kow LM, Pfaff DW. Effects of estrogen treatment on the size of recep¬ 
tive field and response threshold of pudendal nerve in the female rat. 
Neuroendocrinology 1973; 13:299-313. 

[104] Bereiter DA, Barker DJ. Facial receptive fields of trigeminal neurons: 
increased size following estrogen treatment in female rats. Neuroen¬ 
docrinology 1975;18:115-24. 

[105] Bereiter DA, Stanford LR, Barker DJ. Hormone-induced enlarge¬ 
ment of receptive fields in trigeminal mechanoreceptive neurons. II. 
Possible mechanisms. Brain Research 1980;184:411-23. 

[106] Bereiter DA, Barker DJ. Hormone-induced enlargement of recep¬ 
tive fields in trigeminal mechanoreceptive neurons. I. Time 


course, hormone, sex and modality specificity. Brain Research 
1980;184:395-410. 

[107] Jones JM, Kohli M, Loprinzi CL. Androgen deprivation therapy- 
associated vasomotor symptoms. Asian Journal of Andrology 
2012;14:193-7. 

[108] Atala A, Amin M, Harty JI. Diethylstilbestrol in treatment of pos¬ 
torchiectomy vasomotor symptoms and its relationship with serum 
follicle-stimulating hormone, luteinizing hormone, and testosterone. 
Urology 1992;39:108-10. 

[109] Miller JI, Ahmann FR. Treatment of castration-induced menopausal 
symptoms with low dose diethylstilbestrol in men with advanced 
prostate cancer. Urology 1992;40:499-502. 

[110] Gerber GS, Zagaja GP, Ray PS, Rukstalis DB. Transdermal estrogen 
in the treatment of hot flushes in men with prostate cancer. Urology 
2000;55:97-101. 

[111] Smith Jr JA. A prospective comparison of treatments for symptomatic 
hot flushes following endocrine therapy for carcinoma of the prostate. 
Journal of Urology 1994; 152:132—4. 

[112] Hanisch LJ, Gooneratne NS, Soin K, Gehrman PR, Vaughn DJ, Coyne 
JC. Sleep and daily functioning during androgen deprivation ther¬ 
apy for prostate cancer. European Journal of Cancer Care (England) 
2011;20:549-54. 

[113] Leibenluft E, Schmidt PJ, Turner EH, et al. Effects of leuprolide- 
induced hypogonadism and testosterone replacement on sleep, 
melatonin, and prolactin secretion in men. Journal of Clinical 
Endocrinology and Metabolism 1997;82:3203-7. 

[114] Kunzel HE, Murck H, Stalla GK, Steiger A. Changes in the sleep elec¬ 
troencephalogram (EEG) during male to female transgender therapy. 
Psychoneuroendocrinology 2011 ;36:1005-9. 

[115] Wibowo E, Deurveilher S, Wassersug RJ, Semba K. Estradiol 
treatment modulates spontaneous sleep and recovery after sleep 
deprivation in castrated male rats. Behavioural Brain Research 
2012;226:456-64. 

[116] Nelson CJ, Lee JS, Gamboa MC, Roth AJ. Cognitive effects of 
hormone therapy in men with prostate cancer: a review. Cancer 
2008;113:1097-106. 

[117] Jamadar RJ, Winters MJ, Maki PM. Cognitive changes associated 
with ADT: a review of the literature. Asian Journal of Andrology 
2012;14:232-8. 

[118] Gielen E, Vanderschueren D, Callewaert F, Boonen S. Osteoporo¬ 
sis in men. Best Practice and Research Clinical Endocrinology and 
Metabolism 2011;25:321-35. 

[119] Greenspan SL, Coates P, Sereika SM, Nelson JB, Trump DL, Resnick 
NM. Bone loss after initiation of androgen deprivation therapy in 
patients with prostate cancer. Journal of Clinical Endocrinology and 
Metabolism 2005;90:6410-7. 

[120] Adler RA. Management of osteoporosis in men on androgen depriva¬ 
tion therapy. Maturitas 2011;68:143-7. 

[121] Lattouf JB, Saad F. Bone complications of androgen deprivation ther¬ 
apy: screening, prevention, and treatment. Current Opinion in Urology 
2010;20:247-52. 

[122] Morrison BF, Burrowes IE, Aiken WD, Mayhew RG, Fletcher HM, 
Reid ME. Bone mineral density in Jamaican men on androgen depri¬ 
vation therapy for prostate cancer. Infectious Agents and Cancer 
2011;6(Suppl. 2):S7. 

[123] Kearns AE, Northfelt DW, Dueck AC, et al. Osteoporosis preven¬ 
tion in prostate cancer patients receiving androgen ablation therapy: 
placebo-controlled double-blind study of estradiol and risedronate: 
N01C8. Supportive Care in Cancer 2010;18:321-8. 

[124] Sherwin BB. Estrogen therapy: is time of initiation critical for neuro¬ 
protection? Nature Reviews Endocrinology 2009;5:620-7. 

[125] Rocca WA, Grossardt BR, Shuster LT. Oophorectomy, menopause, 
estrogen treatment, and cognitive aging: clinical evidence for a win¬ 
dow of opportunity. Brain Research 2011;1379:188-98. 

[126] Daniel JM, Bohacek J. The critical period hypothesis of estrogen 
effects on cognition: insights from basic research. Biochimica et Bio- 
physica Acta 2010;1800:1068-76. 



E. Wibowo, R.J. Wassersug / Critical Reviews in Oncology/Hematology 87 (2013) 224-238 


235 


[127] Brinton RD. The healthy cell bias of estrogen action: mitochondrial 
bioenergetics and neurological implications. Trends in Neurosciences 
2008;31:529-37. 

[128] Cherrier MM, Aubin S, Higano CS. Cognitive and mood changes 
in men undergoing intermittent combined androgen blockade 
for non-metastatic prostate cancer. Psycho-Oncology 2009; 18: 
237-47. 

[129] Cherrier MM, Rose AL, Higano C. The effects of combined androgen 
blockade on cognitive function during the first cycle of intermit¬ 
tent androgen suppression in patients with prostate cancer. Journal 
of Urology 2003;170:1808-11. 

[130] Wassersug RJ, Wadhwa D. Estradiol and cognition during androgen 
deprivation in men with prostate carcinoma. Cancer 2005;104:2032-3 
[author reply 3]. 

[131] Miles C, Green R, Sanders G, Hines M. Estrogen and mem¬ 
ory in a transsexual population. Hormones and Behavior 1998;34: 
199-208. 

[132] Miles C, Green R, Hines M. Estrogen treatment effects on cognition, 
memory and mood in male-to-female transsexuals. Hormones and 
Behavior 2006;50:708-17. 

[133] Matousek RH, Sherwin BB. A randomized controlled trial of add- 
back estrogen or placebo on cognition in men with prostate cancer 
receiving an antiandrogen and a gonadotropin-releasing hormone 
analog. Psychoneuroendocrinology 2010;35:215-25. 

[134] Taxel P, Stevens MC, Trahiotis M, Zimmerman J, Kaplan RF. The 
effect of short-term estradiol therapy on cognitive function in older 
men receiving hormonal suppression therapy for prostate cancer. Jour¬ 
nal of the American Geriatrics Society 2004;52:269-73. 

[135] Huggins C, Hodges CV. Studies on prostatic cancer. I. The effect 
of castration, of estrogen and of androgen injection on serum phos¬ 
phatases in metastatic carcinoma of the prostate. Cancer Research 
1941;1:293-7. 

[136] Denmeade SR, Isaacs JT. A history of prostate cancer treatment. 
Nature Reviews Cancer 2002;2:389-96. 

[137] Faris JE, Smith MR. Metabolic sequelae associated with 
androgen deprivation therapy for prostate cancer. Current 
Opinion in Endocrinology, Diabetes, and Obesity 2010; 17: 
240-6. 

[138] Keating NL, O’Malley AJ, Freedland SJ, Smith MR. Diabetes and 
cardiovascular disease during androgen deprivation therapy: observa¬ 
tional study of veterans with prostate cancer. Journal of the National 
Cancer Institute 2010; 102:39^-6. 

[139] Keating NL, O’Malley AJ, Smith MR. Diabetes and cardiovascu¬ 
lar disease during androgen deprivation therapy for prostate cancer. 
Journal of Clinical Oncology 2006;24:4448-56. 

[ 140] Hedlund PO, Damber JE, Hagerman I, et al. Parenteral estrogen versus 
combined androgen deprivation in the treatment of metastatic pros¬ 
tatic cancer. Part 2. Final evaluation of the Scandinavian Prostatic 
Cancer Group (SPCG) Study No. 5. Scandinavian Journal of Urology 
and Nephrology 2008;42:220-9. 

[141] Ockrim JL, Lalani el N, Abel P. Therapy insight: parenteral estrogen 
treatment for prostate cancer—a new dawn for an old therapy. Nature 
Clinical Practice Oncology 2006;3:552-63. 

[142] von Schoultz B, Carlstrom K, Collste L, et al. Estrogen therapy and 
liver function—metabolic effects of oral and parenteral administra¬ 
tion. Prostate 1989;14:389-95. 

[143] Langley RE, Cafferty FH, Pollock PA, Price P, Abel PD. Re: 
Toremifene to reduce fracture risk in men receiving androgen depri¬ 
vation therapy for prostate cancer. M.R. Smith, R.A. Morton, K.G. 
Barnette, PR. Sieber, S.B. Malkowicz, D. Rodriguez, M.L. Hancock 
and M.S. Steiner. J. Urol. 2010;184:1316-1321. Journal of Urology 
2011;185:2430-1 [author reply 1-2]. 

[144] Abel PD, Sundaram SK, Kynaston HG, et al. Cardiovascular events 
and clinical responses in prostate cancer patients treated with transcu¬ 
taneous estrogen patches compared with LHRH analogues: results 
from a randomized phase II trial (MRC PR09 PATCH). Journal of 
Clinical Oncology 2011;29(Suppl. 7) [abstr 201]. 


[145] Ockrim JL, Lalani el N, Aslam M, Standfield N, Abel PD. Changes in 
vascular flow after transdermal oestradiol therapy for prostate cancer: 
a mechanism for cardiovascular toxicity and benefit? BJU Interna¬ 
tional 2006;97:498-504. 

[146] Meyer MR, Prossnitz ER, Barton M. The G protein-coupled estro¬ 
gen receptor GPER/GPR30 as a regulator of cardiovascular function. 
Vascular Pharmacology 2011;55:17-25. 

[147] Scott E, Zhang QG, Wang R, Vadlamudi R, Brann D. Estrogen 
neuroprotection and the critical period hypothesis. Frontiers in Neu¬ 
roendocrinology 2012;33:85-104. 

[ 148] Wassersug RJ, Oliffe JL. The social context for psychological distress 
from iatrogenic gynecomastia with suggestions for its management. 
Journal of Sexual Medicine 2009;6:989-1000. 

[149] Wassersug RJ, Gray R. The health and well-being of prostate can¬ 
cer patients and male-to-female transsexuals on androgen deprivation 
therapy: a qualitative study with comments on expectations and estro¬ 
gen. Psychology, Health & Medicine 2011;16:39—52. 

[150] Viani GA, Bernardes da Silva LG, Stefano EJ. Prevention of gyneco¬ 
mastia and breast pain caused by androgen deprivation therapy in 
prostate cancer: tamoxifen or radiotherapy? International Journal of 
Radiation Oncology, Biology, Physics 2012;83:e519-24. 

[151] Karlsson CT, Maimer B, Wiklund F, Gronberg H. Breast cancer as 
a second primary in patients with prostate cancer—estrogen treat¬ 
ment or association with family history of cancer? Journal of Urology 
2006; 176:538^-3. 

[152] Kijima Y, Yoshinaka H, Hirata M, et al. Synchronous bilateral breast 
cancer in a male patient following hormone therapy for prostate can¬ 
cer. International Journal of Clinical Oncology 2009;14:249-53. 

[153] Smith DC, Redman BG, Flaherty LE, Li L, Strawderman M, Pienta 
KJ. A phase II trial of oral diethylstilbesterol as a second-line 
hormonal agent in advanced prostate cancer. Urology 1998;52: 
257-60. 

[154] Serrate C, Loriot Y, De La Motte Rouge T, et al. Diethylstilbestrol 
(DES) retains activity and is a reasonable option in patients previously 
treated with docetaxel for castration-resistant prostate cancer. Annals 
of Oncology 2009;20:965. 

[155] Fizazi K, Le Maitre A, Hudes G, et al. Addition of estramustine 
to chemotherapy and survival of patients with castration-refractory 
prostate cancer: a meta-analysis of individual patient data. Lancet 
Oncology 2007;8:994-1000. 

[156] Bland LB, Garzotto M, DeLoughery TG, et al. Phase II study of 
transdermal estradiol in androgen-independent prostate carcinoma. 
Cancer 2005;103:717-23. 

[157] Montgomery B, Nelson PS, Vessella R, Kalhom T, Hess D, 
Corey E. Estradiol suppresses tissue androgens and prostate cancer 
growth in castration resistant prostate cancer. BMC Cancer 2010; 10: 
244. 

[158] Clemons J, Glode LM, Gao D, Flaig TW. Low-dose diethylstilbestrol 
for the treatment of advanced prostate cancer. Urologic Oncology 
2011;(July) [Epub ahead of print]. 

[159] Risbridger GP, Davis ID, Birrell SN, Tilley WD. Breast and 
prostate cancer: more similar than different. Nature Reviews Cancer 
2010;10:205-12. 

[160] Nelles JL, Hu W-Y, Prins GS. Estrogen action and prostate cancer. 
Expert Review of Endocrinology & Metabolism 2011;6:437-51. 

[161] Ho SM, Lee MT, Lam HM, Leung YK. Estrogens and prostate cancer: 
etiology, mediators, prevention, and management. Endocrinology and 
Metabolism Clinics of North America 2011;40:591-614. 

[162] Shi XB, Ma AH, Xia L, Kung HJ, de Vere White RW. Functional 
analysis of 44 mutant androgen receptors from human prostate cancer. 
Cancer Research 2002;62:1496-502. 

[163] Waltering KK, Urbanucci A, Visakorpi T. Androgen receptor (AR) 
aberrations in castration-resistant prostate cancer. Molecular and Cel¬ 
lular Endocrinology 2012;360:38^4-3. 

[164] Valley CC, Solodin NM, Powers GL, Ellison SJ, Alarid ET. Temporal 
variation in estrogen receptor-alpha protein turnover in the presence 
of estrogen. Journal of Molecular Endocrinology 2008;40:23-34. 



236 


E. Wibowo, R.J. Wassersug / Critical Reviews in Oncology/Hematology 87 (2013) 224-238 


[165] Bondar G, Kuo J, Hamid N, Micevych P. Estradiol-induced 
estrogen receptor-alpha trafficking. Journal of Neuroscience 
2009;29:15323-30. 

[166] Calais da Silva FE, Bono AV, Whelan P, et al. Intermittent andro¬ 
gen deprivation for locally advanced and metastatic prostate cancer: 
results from a randomised phase 3 study of the South European Uron- 
cological Group. European Urology 2009;55:1269-77. 

[167] Calais Da Silva FE, Goncalves F, Santos A, et al. Evaluation of qual¬ 
ity of life, side effects and duration of therapy in a phase 3 study 
of intermittent monotherapy versus continuous combined androgen 
deprivation. European Urology Supplements 2008;7(205) [Abstract 
540]. 

[168] Klotz LH, Herr HW, Morse MJ, Whitmore Jr WF. Intermit¬ 
tent endocrine therapy for advanced prostate cancer. Cancer 
1986;58:2546-50. 

[169] Warkentin KM, Gray RE, Wassersug RJ. Restoration of satisfy¬ 
ing sex for a castrated cancer patient with complete impotence: 
a case study. Journal of Sex and Marital Therapy 2006;32: 
389-99. 

[170] Walker LM, Robinson JW. Sexual adjustment to androgen depriva¬ 
tion therapy: struggles and strategies. Qualitative Health Research 
2012;22:452-65. 

[171] Shore N, Mason M, de Reijke TM. New developments in 
castrate-resistant prostate cancer. BJU International 2012;109(Suppl. 
6):22-32. 

[172] Hauser EH. Psychic effects of sex hormones. Schweizerische Medi- 
zinische Wochenschrift 1952;82:566-8. 

[173] Petersen P. Psychic estrogen effects in males, prostatic patients treated 
with polyestradiol phosphate (estradurin). Archiv fur Psychiatrie und 
Nervenkrankheiten 1964;206:382^105. 

[174] Beach FA. Copulatory behavior in prepuberally castrated male 
rats and its modification by estrogen administration. Endocrinology 
1942;31:679-83. 

[175] Beach FA. Bisexual mating behavior in the male rat: effects 
of castration and hormone administration. Physiological Zoology 
1945; 18:390^102. 

[176] Davidson JM. Effects of estrogen on the sexual behavior of male rats. 
Endocrinology 1969;84:1365-72. 

[177] Pfaff D. Nature of sex hormone effects on rat sex behavior: specificity 
of effects and individual patterns of response. Journal of Comparative 
and Physiological Psychology 1970;73:349-58. 

[178] Baum MJ, Vreeburg JT. Copulation in castrated male rats following 
combined treatment with estradiol and dihydrotestosterone. Science 
1973;182:283-5. 

[179] Larsson K, Sodersten P, Beyer C. Induction of male sexual behaviour 
by oestradiol benzoate in combination with dihydrotestosterone. Jour¬ 
nal of Endocrinology 1973;57:563^4. 

[180] Christensen LW, Clemens LG. Intrahypothalamic implants of 
testosterone or estradiol and resumption of masculine sexual behav¬ 
ior in long-term castrated male rats. Endocrinology 1974;95: 
984-90. 

[181] Lodder J, Baum MJ. Facilitation of mounting behavior by 
dihydrotestosterone propionate in castrated estradiol benzoate- 
treated male rats following pudendectomy. Behavioral Biology 
1977;20:141-8. 

[182] Davis PG, Barfield RJ. Activation of masculine sexual behavior by 
intracranial estradiol benzoate implants in male rats. Neuroendocri¬ 
nology 1979;28:217-27. 

[183] BaumMJ, Starr MS. Inhibition of sexual behavior by dopamine antag¬ 
onist or serotonin agonist drugs in castrated male rats given estradiol 
or dihydrotestosterone. Pharmacology Biochemistry and Behavior 
1980;13:57-67. 

[184] Beyer C, Contreras JL, Morali G, Larsson K. Effects of castration 
and sex steroid treatment on the motor copulatory pattern of the rat. 
Physiology and Behavior 1981;27:727-30. 

[185] Baum MJ, Tobet SA, Starr MS, Bradshaw WG. Implantation of dihy¬ 
drotestosterone propionate into the lateral septum or medial amygdala 


facilitates copulation in castrated male rats given estradiol systemi- 
cally. Hormones and Behavior 1982;16:208-23. 

[186] Sodersten P, Eneroth P, Hansson T, et al. Activation of sex¬ 
ual behaviour in castrated rats: the role of oestradiol. Journal of 
Endocrinology 1986;111:455-62. 

[187] Hawkins CA, Everitt BJ, Herbert J. The influence of steroid hor¬ 
mones on competing sexual and ingestive behavior in the male rat. 
Physiology and Behavior 1988;44:291-300. 

[188] Rasia-Filho A A, Peres TM, Cubilla-Gutierrez FH, Lucion AB. Effect 
of estradiol implanted in the corticomedial amygdala on the sexual 
behavior of castrated male rats. Brazilian Journal of Medical and 
Biological Research 1991;24:1041-9. 

[189] Matuszczyk JV, Larsson K. Experience modulates the influence of 
gonadal hormones on sexual orientation of male rats. Physiology and 
Behavior 1994;55:527-31. 

[ 190] Vagell ME, McGinnis MY. The role of aromatization in the restoration 
of male rat reproductive behavior. Journal of Neuroendocrinology 
1997;9:415-21. 

[191] Cross E, Roselli CE. 17beta-estradiol rapidly facilitates chemoinves- 
tigation and mounting in castrated male rats. American Journal of 
Physiology 1999;276:R1346-50. 

[192] Roselli CE, Chambers K. Sex differences in male-typical copulatory 
behaviors in response to androgen and estrogen treatment in rats. 
N euroendocrinology 1999;69:290-8. 

[193] Bialy M, Sachs BD. Androgen implants in medial amygdala briefly 
maintain noncontact erection in castrated male rats. Hormones and 
Behavior 2002;42:345-55. 

[194] Putnam SK, Sato S, Hull EM. Effects of testosterone metabolites on 
copulation and medial preoptic dopamine release in castrated male 
rats. Hormones and Behavior 2003;44:419-26. 

[195] Putnam SK, Sato S, Riolo JV, Hull EM. Effects of testosterone 
metabolites on copulation, medial preoptic dopamine, and NOS- 
immunoreactivity in castrated male rats. Hormones and Behavior 
2005;47:513-22. 

[196] Edwards DA, Burge KG. Estrogenic arousal of aggressive behavior 
and masculine sexual behavior in male and female mice. Hormones 
and Behavior 1971 ;2: 239-45. 

[197] Wallis CJ, Luttge WG. Maintenance of male sexual behavior by com¬ 
bined treatment with oestrogen and dihydrotestosterone in CD-1 mice. 
Journal of Endocrinology 1975;66:257-62. 

[198] Dalterio S, Bartke A, Butler K. A single injection of 17 beta-estradiol 
facilitates sexual behavior in castrated male mice. Hormones and 
Behavior 1979;13:314-27. 

[199] Wee BE, Weaver DR, Clemens LG. Hormonal restoration of mascu¬ 
line sexual behavior in long-term castrated B6D2F1 mice. Physiology 
and Behavior 1988;42:77-82. 

[200] Nyby J, Matochik JA, Barfield RJ. Intracranial androgenic and estro¬ 
genic stimulation of male-typical behaviors in house mice (Mus 
domesticus). Hormones and Behavior 1992;26:24-45. 

[201] Pomerantz SM, Fox E, Clemens LG. Gonadal hormone activation of 
male courtship ultrasonic vocalizations and male copulatory behav¬ 
ior in castrated male deer mice ( Peromyscus maniculatus bairdi). 
Behavioral Neuroscience 1983;97:462-9. 

[202] Tiefer L. Gonadal hormones and mating behavior in the adult golden 
hamster. Hormones and Behavior 1970;1:189-202. 

[203] Johnson WA. Neonatal androgenic stimulation and adult sexual 
behavior in male and female golden hamsters. Journal of Comparative 
and Physiological Psychology 1975;89:433^1. 

[204] DeBold JF, Morris JL, Clemens LG. The inhibitory actions of pro¬ 
gesterone: effects on male and female sexual behavior of the hamster. 
Hormones and Behavior 1978;11:28-41. 

[205] Lisk RD, Bezier JL. Intrahypothalamic hormone implantation and 
activation of sexual behavior in the male hamster. Neuroendocrino¬ 
logy 1980;30:220-7. 

[206] Lisk RD, Greenwald DP. Central plus peripheral stimulation by andro¬ 
gen is necessary for complete restoration of copulatory behavior in 
the male hamster. Neuroendocrinology 1983;36: 211-7. 



E. Wibowo, R.J. Wassersug / Critical Reviews in Oncology/Hematology 87 (2013) 224-238 


237 


[207] Wood RI, Estradiol, but not dihydrotestosterone, in the medial amyg¬ 
dala facilitates male hamster sex behavior. Physiology and Behavior 
1996;59:833-41. 

[208] Arteaga-Silva M, Marquez-Villanueva Y, Martinez-Garcia R, 
Hernandez-Gonzalez M, Bonilla-Jaime H, Retana-Marquez S. Effects 
of hormonal replacement with androgens and estrogens on male sex¬ 
ual behavior and plasma levels of these steroids in gonadectomized 
golden hamsters (. Mesocricetus auratus). Physiology and Behavior 
2005;85:571-80. 

[209] Dinusson WE, Klosterman EW, Buchanan ML. Stilbestrol, effect of 
subcutanoues implantation on growing-fattening swine. Journal of 
Animal Science 1951; 10:885. 

[210] Booth WD. Development of some male characteristics supported 
by oestrone but not dehydroepiandrosterone in the boar. Journal of 
Reproduction and Fertility 1983;68:9-16. 

[211] Parrott RF, Booth WD. Behavioural and morphological effects of 
5 alpha-dihydrotestosterone and oestradiol-17 beta in the prepuber- 
tally castrated boar. Journal of Reproduction and Fertility 1984;71: 
453-61. 

[212] Levis DG, Ford JJ. The influence of androgenic and estrogenic hor¬ 
mones on sexual behavior in castrated adult male pigs. Hormones and 
Behavior 1989;23:393-411. 

[213] Sawyer GJ, Fulkerson WJ. The effectiveness of steers and heifers 
treated with estrogen or testosterone to detect estrus in cattle. Animal 
Reproduction Science 1981;3:259-69. 

[214] Dykeman DA, Katz LS, Foote RH. Behavioral characteristics of beef 
steers administered estradiol, testosterone and dihydrotestosterone. 
Journal of Animal Science 1982;55:1303-9. 

[215] Mattner PE. Effects of androgens and oestradiol on libido and aggres¬ 
siveness in rams castrated as adults. Theriogenology 1976;6:612. 

[216] Parrott RF. Courtship and copulation in prepubertally castrated male 
sheep (wethers) treated with 17 beta-estradiol, aromatizable andro¬ 
gens, or dihydrotestosterone. Hormones and Behavior 1978; 11:20-7. 

[217] D’Occhio MJ, Brooks DE. Effects of androgenic and oestrogenic 
hormones on mating behaviour in rams castrated before and after 
puberty. Journal of Endocrinology 1980;86:403-11. 

[218] Parrott RF, Baldwin BA. Sexual and aggessive behaviour of castrated 
male sheep after injection of gonadal steroids and implantation of 
androgens in the hypothalamus: a preliminary study. Theriogenology 
1984;21:533-42. 

[219] Pinckard KL, Stellflug J, Stormshak F. Influence of castration 
and estrogen replacement on sexual behavior of female-oriented, 
male-oriented, and asexual rams. Journal of Animal Science 
2000;78:1947-53. 

[220] Fletcher TJ, Short RV. Restoration of libido in castrated red deer 
stag ( Cervus elaphus) with oestradiol-17beta. Nature 1974;248: 
616-8. 

[221] Thompson Jr DL, Pickett BW, Squires EL, Nett TM. Sexual behavior, 
seminal pH and accessory sex gland weights in geldings administered 
testosterone and (or) estradiol-17 beta. Journal of Animal Science 
1980;51:1358-66. 

[222] Baum MJ. Effects of testosterone propionate administered perinatally 
on sexual behavior of female ferrets. Journal of Comparative and 
Physiological Psychology 1976;90:399^U0. 

[223] Green JD, Clemente CD, De Groot J. Rhinencephalic lesions and 
behavior in cats: an analysis of the Kluver-Bucy syndrome with par¬ 
ticular reference to normal and abnormal sexual behavior. Journal of 
Comparative Neurology 1957; 108:505^-5. 

[224] Adkins EK, Adler NT. Hormonal control of behavior in the 
Japanese quail. Journal of Comparative and Physiological Psychology 
1972;81:27-36. 

[225] Adkins EK. Hormonal basis of sexual differentiation in the 
Japanese quail. Journal of Comparative and Physiological Psychology 
1975;89:61-71. 

[226] Adkins EK, Nock BL. The effects of the antiestrogen CI-628 on sexual 
behavior activated by androgen or estrogen in quail. Hormones and 
Behavior 1976;7:417-29. 


[227] Adkins EK, Pniewski EE. Control of reproductive behavior by sex 
steroids in male quail. Journal of Comparative and Physiological 
Psychology 1978;92:1169-78. 

[228] Hutchison RE. Hormonal differentiation of sexual behav¬ 
ior in Japanese quail. Hormones and Behavior 1978; 11: 
363-87. 

[229] Adkins EK, Boop JJ, Koutnik DL, Morris JB, Pniewski EE. Further 
evidence that androgen aromatization is essential for the activation of 
copulation in male quail. Physiology and Behavior 1980;24:441-6. 

[230] Balthazart J, Bottom L, Massa R. Effects of sex steroids on testos¬ 
terone metabolism, plasma gonadotropins, cloacal gland growth and 
reproductive behaviour in the Japanese quail. Bollettino di Zoologia 
1980;47:185-92. 

[231 ] Wada M. Effects of sex steroids on calling, locomotor activity, and sex¬ 
ual behavior in castrated male Japanese quail. Hormones and Behavior 
1982;16:147-57. 

[232] Van Krey HP, Siegel PB, Balander RJ, Benoff FH. Testosterone 
aromatization in high and low mating lines of gallinaceous birds. 
Physiology and Behavior 1983;31:153-7. 

[233] Schumacher M, Balthazart J. The effects of testosterone and its 
metabolites on sexual behavior and morphology in male and female 
Japanese quail. Physiology and Behavior 1983;30:335-9. 

[234] Balthazart J, Schumacher M. Estradiol contributes to the postna¬ 
tal demasculinization of female Japanese quail ( Coturnix coturnix 
japonica). Hormones and Behavior 1984;18:287-97. 

[235] Adkins-Regan E, Garcia M. Effect of flutamide (an antiandrogen) 
and diethylstilbestrol on the reproductive behavior of Japanese quail. 
Physiology and Behavior 1986;36:419-25. 

[236] Alexandre C, Balthazart J. Effects of metabolism inhibitors, antie¬ 
strogens and antiandrogens on the androgen and estrogen induced 
sexual behavior in Japanese quail. Physiology and Behavior 
1986;38:581-91. 

[237] Schumacher M, Alexandre C, Balthazart J. Interaction of androgens 
and estrogens in the control of reproduction. Comptes Rendus de 
1 Academie des Sciences Serie III: Sciences de la Vie 1987;305: 
569-74. 

[238] Watson JT, Adkins-Regan E. Activation of sexual behavior by implan¬ 
tation of testosterone propionate and estradiol benzoate into the 
preoptic area of the male Japanese quail ( Coturnix japonica ). Hor¬ 
mones and Behavior 1989;23:251-68. 

[239] Balthazart J, Surlemont C. Androgen and estrogen action in the pre¬ 
optic area and activation of copulatory behavior in quail. Physiology 
and Behavior 1990;48:599-609. 

[240] Balthazart J, Reid J, Absil P, Foidart A, Ball GF. Appetitive as 
well as consummatory aspects of male sexual behavior in quail 
are activated by androgens and estrogens. Behavioral Neuroscience 
1995;109:485-501. 

[241] Cornil CA, Dalla C, Papadopoulou-Daifoti Z, Baillien M, Balthazart 
J. Estradiol rapidly activates male sexual behavior and affects brain 
monoamine levels in the quail brain. Behavioural Brain Research 
2006;166:110-23. 

[242] Seredynski AL, Ball GF, Balthazart J, Charlier TD. Specific activation 
of estrogen receptor alpha and beta enhances male sexual behavior and 
neuroplasticity in male Japanese quail. PLoS ONE 201 l;6:e 18627. 

[243] Cheng MF, Lehrman D. Gonadal hormone specificity in the sex¬ 
ual behavior of ring doves. Psychoneuroendocrinology 1975; 1: 
95-102. 

[244] Hutchison JB. Differential effects of testosterone and oestradiol 
on male courtship in Barbary doves ( Streptopelia risoria ). Animal 
Behaviour 1970;18:41-51. 

[245] Hutchison JB. Influence of gonadal hormones on the hypothalamic 
integration of courtship behaviour in the Barbary dove. Jour¬ 
nal of Reproduction and Fertility Supplement 1970;ll(Suppl. 11): 
5. 

[246] Hutchison JB. Effects of hypothalamic implants of gonadal steroids on 
courtship behaviour in Barbary doves (Streptopelia risoria ). Journal 
of Endocrinology 1971;50:97-113. 



238 


E. Wibowo, R.J. Wassersug / Critical Reviews in Oncology/Hematology 87 (2013) 224-238 


[247] Martinez-Vargas MC. The induction of nest building in the ring 
dove ( Streptopelia risoria ): hormonal and social factors. Behaviour 
1974;50:123-51. 

[248] Adkins-Regan E. Effect of sex steroids on the reproductive behavior of 
castrated male ring doves ( Streptopelia sp.). Physiology and Behavior 
1981;26:561-5. 

[249] Hutchison JB, Steimer T, Duncan R. Behavioural action of androgen 
in the dove: effects of long-term castration on response speci¬ 
ficity and brain aromatization. Journal of Endocrinology 1981 ;90: 
167-78. 

[250] Cohen J, Cheng MF. Effects of testosterone metabolites and estrogen 
in the midbrain control of courtship behavior in the male ring dove 
(Streptopelia risoria ). Neuroendocrinology 1982;34:64-74. 

[251] Davis DE, Domm LV. The sexual behavior of hormonally treated 
domestic fowl. Proceedings of the Society for Experimental Biology 
and Medicine 1941;48:667-9. 

[252] Guhl AM. Heterosexual dominance and mating behavior in chickens. 
Behaviour 1949;2:106-20. 

[253] Harding CF, Sheridan K, Walters MJ. Hormonal specificity and activa¬ 
tion of sexual behavior in male zebra finches. Hormones and Behavior 
1983;17:111-33. 

[254] Brockway BF. The influence of some experimental and genetic 
factors, including hormones, on the visible courtship behavior of 
budgerigars (Melopsittacus). Behaviour 1974;51:1-18. 

[255] Tokarz RR. Hormonal regulation of male reproductive behavior in the 
lizard Anolis sagrei: a test of the aromatization hypothesis. Hormones 
and Behavior 1986;20:364-77. 

[256] Mason P, Adkins EK. Hormones and social behavior in the lizard, 
Anolis carolinensis . Hormones and Behavior 1976;7:75-86. 

[257] Crews D, Traina V, Wetzel FT, Muller C. Hormonal control of 
male reproductive behavior in the lizard, Anolis carolinensis : role 
of testosterone, dihydrotestosterone, and estradiol. Endocrinology 
1978;103:1814-21. 

[258] Crews D, Morgentaler A. Effects of intracranial implantation of 
oestradiol and dihydrotestosterone on the sexual behaviour of the 
lizard Anolis carolinensis. Journal of Endocrinology 1979;82:373-81. 

[259] Winkler SM, Wade J. Aromatase activity and regulation of sex¬ 
ual behaviors in the green anole lizard. Physiology and Behavior 
1998;64:723-31. 

[260] Rhen T, Crews D. Embryonic temperature and gonadal sex orga¬ 
nize male-typical sexual and aggressive behavior in a lizard 
with temperature-dependent sex determination. Endocrinology 
1999;140:4501-8. 


Biographies 

Erik Wibowo graduated from the University of Sydney 
with a Bachelor of Medical Science (Honors) in 2008. As 
an undergraduate he investigated the neuroanatomy of the 


hearing mechanism in amphibians and reptiles and pub¬ 
lished on that in the Journal of Comparative Neurology 
(Wibowo et al., 2009; ./. Comp. Neurol. 516:74-85). Erik 
pursued graduate studies at Dalhousie University under the 
supervision of Drs. Richard Wassersug and Kazue Semba. 
There, he has studied how estrogen influences sleep qual¬ 
ity and sexual behaviors of castrated male rats as a model 
for prostate cancer patients on androgen deprivation ther¬ 
apy. The results of his sleep study have now been published 
(Wibowo et al., 2012; Behav. Brain Res. 226:456-64). The 
sexual behavior study has also been published in Physiol. 
Behav. (2013; 110-111:63-72). Erik is now exploring the 
cellular mechanisms behind how estrogen modulates sex¬ 
ual behavior in male rats. As a graduate student, Erik has 
received funding from the Faculty of Graduate Studies and 
the Department of Anatomy & Neurobiology at Dalhousie 
University, the Canadian Cancer Society through the Beat¬ 
rice Hunter Cancer Research Institute, and the Nova Scotia 
Health Research Foundation. Following his Ph.D., he intends 
to continue research on male sexual health. 

Richard Wassersug, Ph.D., is an Adjunct Professor in both 
the Department of Urologic Sciences at the University of 
British Columbia and the Australian Research Centre in Sex, 
Health and Society, La Trobe University. Recently he retired 
from Dalhousie University as a Full Professor in the Depart¬ 
ment of Anatomy & Neurobiology. Dr. Wassersug is currently 
helping to design a comprehensive survivorship program in 
Vancouver for prostate cancer patients and their partners. Dr. 
Wassersug has published more than 200 peer-reviewed arti¬ 
cles. In his earlier career, his research largely centered on 
the biology of amphibians. More recently his focus has been 
on the psychology of androgen deprivation in various popu¬ 
lations ranging from advanced prostate cancer patients to 
male-to-female transsexuals. Some of this research is in col¬ 
laboration with his doctoral student, Erik Wibowo. Together, 
they have co-authored five peer-reviewed articles. In the past 
decade Dr. Wassersug’s research has been funded by the Nat¬ 
ural Sciences and Engineering Research Council of Canada, 
the Canadian Institutes of Health Research, Parks Canada, the 
Dalhousie Medical Research Foundation, the Prostate Cancer 
Foundation of British Columbia, the Beatrice Hunter Cancer 
Research Institute, and more recently the Nova Scotia Health 
Research Foundation. 



